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Field corn, Zea mays L., is a commonly grown crop in Mississippi. Brown stink bug,
Euschistus servus Say, is an insect that can infest field corn. Growers and consultants have
expressed concerns of the difficulty in detecting infestations and estimating yield loss potential
once damage is found in a field. The results of these experiments showed a relationship between
damage severity, plant height, and yield loss. As damage severity increased, plant height and
yield were significantly reduced. On a per area basis, yields were reduced when ≥ 10% plants
were damaged. Mean plant heights were reduced when ≥ 20% plants were damaged. Results
from simulated damage experiments were similar to those of the natural infestation damage;
however, target damage severities (damage ratings) were not achieved. Further methodology
refinement is needed.
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CHAPTER I
LITERATURE REVIEW
Field Corn
Field corn, Zea mays (L.), is a C4 grass that originated from Mexico and Central
America and is the most commonly grown field crop in the United States. (Galinat 1988; USDA
NASS 2019). Over the past four years, there was an average of 36,712,000 hectares of corn
planted in the United States (USDA NASS 2019). The average yield between 2015 and 2018 in
the United States for field corn has been approximately 10,920 kg/ha (USDA NASS 2019).
Corn is a monoecious, annual plant with a determinate growth habit that has both male
and female flower parts (Galinat 1988). It grows upward from the whorl and is divided into two
types of physiological growth, vegetative (V) and reproductive (R) (Ritchie et al. 1986,
Abendroth et al. 2011). Corn exhibits distinct growth characteristics that identify these
vegetative and reproductive stages (Hanway et al. 1997). Vegetative growth stages can be
identified with a “V” followed by a number that correlates with the number of leaf collars
present that ranges from VE (plant emergence) to V(n) where “n” represents the last leaf collar
formed before VT (tassel) (Ritchie et al. 1986, Hanway et al. 1997, Abendroth et al. 2011).
Growth begins once the seed has been planted and absorbs water until it reaches 30 to 35%
moisture (Abendroth et al. 2011). Once water has been absorbed into the seed, the radicle (main
root) will emerge first growing downward into the soil. The coleoptile (main stem) is the second
structure to emerge and grows upward out of the soil (Abendroth et al. 2011). Once the
1

coleoptile has emerged, the plant will continue to grow developing leaf collars until the last leaf
(Vn) appears (Abendroth et al. 2011). Once the plant has reached the V6 growth stage, the
growing point has risen above the soil surface. After the tassel fully forms and is not held in by
upper leaves, plants will begin to develop into the reproductive stages of growth (Abendroth et
al. 2011). There are six reproductive growth stages that are based on ear development. These
include silking (R1): silks are present outside the husk, blister (R2): the kernels are shaped like
“blisters” and filled with clear fluid, milk (R3): the kernels appear yellow and the fluid turns
white, dough (R4): the kernels begin to harden as the fluid turns to into a paste, dent (R5): the
kernels start to dent on the top and the “milk line” has formed, and physiological maturity (R6):
the black layer forms and the kernels reach max dry weight and nutrient accumulation (Hanway
1963, Ritchie et al. 1986, Hanway et al. 1997, Abendroth et al. 2011). When at least half of the
plants have reached a particular growth stage, all plants adjacent are considered the same growth
stage (Abendroth et al. 2011). Corn’s growth and development heavily relies on weather
conditions (Lauer 1997). Growing degree-days (GDD) or heat units (HU) are a very helpful tool
in tracking growth stage development (McMaster et al. 1997). Heat units are calculated by
adding the maximum and minimum temperatures for a given day, dividing that number by two,
and then subtracting the critical temperature for corn development, 10oC (50oF) (Wang 1960). In
Mississippi, the optimum planting time ranges from early March to the middle of May (USDA
NASS 2010). Recommended hybrids for Mississippi range in relative maturity and can vary
from 113 to 120 days (Larson 2019).
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Insect Pests of Corn
There are many insect pests that can attack field corn. These are categorized as below
ground or above ground pests. Below ground insect pests include: southern corn rootworm,
Diabrotica undecimpunctata howardi (Barber); seedcorn maggot, Delia platura (Meigen);
sugarcane beetle, Euetheola humilis rugiceps (LeConte); lesser cornstalk borer, Elasmopalpus
lignosellus (Zeller); billbugs, Sphenophorus spp; white gubs, Phyllophaga spp; and wireworms,
Melanotus spp (Steffey et al. 1999, Catchot et al. 2020). Above ground insect pests include:
cutworms, Agrotis spp; chinch bug, Blissus leucopterus leucopterus (Say); brown stink bug,
Euschistus servus (Say); southern green stink bug, Nezara viridula (L.); green stink bug,
Chinavia hilaris (Say); corn leaf aphid, Rhopalosiphum maidis (F.); corn earworm, Helicoverpa
zea (Boddie); fall armyworm, Spodoptera frugiperda (J.E. Smith); European corn borer, Ostrinia
nubilalis (Hübner); and Southwestern corn borer, Diatraea grandiosella (Dyar) (Steffey et al.
1999, Catchot et al. 2020).
Brown Stink Bug
Stink bugs belong to the Pentatomidae family that has four subfamilies, of which
Pentatominae has the only species of economic importance. Pentatominae contains
approximately 40 genera and 180 species in a broad geographical area (Froeschner 1988,
McPherson and McPherson 2000). Of the many species of Pentatominae, the few considered
major pests in the United States include: southern green stink bug; rice stink bug, Oebalus
pugnax pugnax (F.); green stink bug; brown stink bug; and onespotted stink bug, Euschistus
variolarius (Palisot de Beauvois) (Decoursey and Esselbaugh 1961, McPherson and McPherson
2000). Redbanded stink bug, Piezodorus guildinii (Westwood) and brown marmorated stink
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bug, Halyomorpha halys (Stål) are two invasive species that have become problematic in recent
years (Temple 2011, Lesky et al. 2012).
Brown stink bug is polyphagous, bivoltine, and commonly feeds on grasses,
shrubs, trees, and cultivated crops (McPherson 1982, McPherson and McPherson 2000). Brown
stink bug has a broad host range with host plants in the families Amaranthaceae,
Chenopodiaceae, Compositae, Cruciferae, Gramineae, Leguminosae, Polygonaceae, Rosaceae,
and Solanaceae (McPherson and McPherson 2000). Cultivated host plants of brown stink bug
include soybean, Glycine max (L.) Merr.; corn, Zea mays (L.); alfalfa, Medicago sativa (L.);
cotton, Gossypium hirisutum (L.); pecan, Carya illinoinensis (Wangenh.) K. Koch; sorghum,
Sorghum bicolor (L.) Moench; wheat, Triticum aestivum (L.); peanut, Arachis hypogaea (L.);
pear, Pyrus communis (L.); apple, Malus domestica (Borkh.); tomato, Solanum lycopersicum
(L.); sugar beet, Beta vulgaris (L.); and tobacco, Nicotiana spp. (L.) (McPherson and McPherson
2000). Numerous weeds that commonly occur in Mississippi are also host plants of brown stink
bug. These include pigweed, Amaranthus spp. (L.); Italian ryegrass, Lolium perenne L. ssp.
multiflorum (Lam.) Husnot; johnsongrass, Sorghum halepense (L.) Pers.; clover, Trifolium spp.
(L.); nutsedge, Cyperus rotundus (L.); and horseweed, Conyza spp. (L.) (McPherson and
McPherson 2000). Brown stink bug causes major losses to soybean (Musser et al. 2018) and
cotton (Willrich et al. 2004). Adults and nymphs have piercing-sucking mouthparts to puncture
plant tissue, and they can attack all plant parts like stems, petioles, foliage, flowers, and
fruits/seeds (McPherson et al. 1994, McPherson and McPherson 2000). Adults will emerge in
early spring and begin feeding on native vegetation (Jones and Sullivan 1981). Once the first
generation develops on wild hosts or mature wheat fields in early spring, the second generation
will feed and reproduce on cultivated crops such as corn, cotton, peanut, soybean, and sorghum
4

(Ehler 2000, Blinka et al. 2008, Reisig et al. 2013). It is possible in some areas that the
overwintering generation moves directly into early vegetative stage field corn. Corn is a
preferred host to feed on after leaving harvested wheat fields or wild hosts (Bergman 1999,
Blinka et al. 2008, Reisig et al. 2013). Brown stink bug aggregates around field edges and can
readily move between native vegetation around fields and vegetative corn fields (Tillman 2010,
Babu et al. 2019). Brown stink bug overwinters as an adult under crop residues, leaves, bark,
and on wild grasses (Adair 1932, Jones and Sullivan 1981, McPherson and McPherson 2000).
Previous research showed that brown stink bug prefers to overwinter on weeds along field edges
as opposed to open fields and forest duff (Rolston and Kendrick 1961). Brown stink bug eggs
are yellowish white in color, barrel-shaped, and more commonly found in multiples of 14
(Rolston and Kendrick 1961, Munyaneza and McPherson 1994, Bundy and McPherson 2000).
On average, a female can lay a total of ca. 120 eggs that will take approximately 10-12 days to
hatch (Rolston and Kendrick 1961). Ecological studies conducted in Illinois and Georgia have
shown two generations follow the overwintering generation indicating brown stink bug to be
bivoltine (Munyaneza and McPherson 1994, Herbert and Toews 2011). The time from egg hatch
to an adult is approximately 38 days (Munyaneza and McPherson 1994). The average time for
development between each of the five nymphal instars are 5, 6, 6.7, 9.3, and 11.5 days,
respectively (Munyaneza and McPherson 1994).
Brown Stink Bug in Corn
Brown stink bug is a sporadic pest of field corn, and the intensity of infestations can vary
from field to field and year to year (Blinka et al. 2008, Tillman 2010, Reisig et al. 2013). Brown
stink bug can cause damage during two stages of corn development. The first being the seedling
stage (VE-V6), and the second is prior to ear emergence (VT-R1) (Sedlacek and Townsend
5

1988, Ni et al. 2010). Both adult and nymph brown stink bug can damage seedling corn plants.
Salivary digestive enzymes are injected during feeding. This causes leaf necrosis, stunting,
tillering without whorl death, and “dead-heart” which delays maturity and reduces yield in
seedling corn (Townsend and Sedlacek 1986, Sedlacek and Townsend 1988, Apriyanto et al.
1989a, Apriyanto et al. 1989b). “Dead-heart” is a plant response to insect feeding that results
from the death of the primary growing point, and the whorl of the plant wilts over and dies
(Bailey 1985, Rice and Davis 2010). A unique characteristic of stink bug feeding on seedling
corn is the elongated holes with the necrotic edges. This occurs when a brown stink bug feeding
near the base of a plant on the unfolded whorl (Townsend and Sedlacek 1986). The stylet is
inserted through the stem into the unfolded leaves and that causes mechanical and chemical
damage. As the plant continues to grow, the small hole from the initial puncture becomes four
equally sized holes across the leaf. The digestive enzymes cause the plant tissue around each
hole to become necrotic (Townsend and Sedlacek 1986). Injury from stink bugs is often more
severe if partially open seed furrows allow brown stink bugs to feed further down the base of the
plant at the growing point (Bergman 1999). Brown stink bug adults more frequently feed on the
base of early vegetative stage corn plants compared to other plant parts (Babu and Reisig 2018).
Significantly shorter extended leaf heights were observed on corn plants subjected to brown stink
bug damage 11 to 36 days after infestation at the VE, V2, and V4 growth stages (Townsend and
Sedlacek 1986, Sedlacek and Townsend 1988, Apriyanto et al. 1989b). Of the plants infested
with brown stink bug that produced tillering symptomology, there were delays in silking and
lower yields than non-tillering or control plants (Apriyanto et al. 1989b). Damage was more
severe as brown stink bug densities increased (Sedlacek and Townsend 1988). Corn was more
susceptible to reduced growth and mortality from VE to V2 compared to later vegetative stages
6

when the growing point is above the soil surface (Sedlacek and Townsend 1988). In previous
research, stink bug feeding during the V4 growth stage caused less tillering and little to no plant
mortality compared to earlier growth stages (Sedlacek and Townsend 1988). High pest densities
and/or longer exposure time increases the chances of yield reductions (Apriyanto et al. 1989a,b).
Scouting and Control
Due to limited studies on brown stink bug ecology, management can be difficult in some
situations (McPherson and McPherson 2000). Typically, higher pest populations follow a mild
winter, following wheat or rye cover crops, and/or under no tillage conditions (Annan and
Bergman 1988, Bergman 1999, McPherson and McPherson 2000). Chemical control is the most
commonly used form of control but should follow the label exactly to provide adequate control
and preserve natural enemies (Higley 1994, Todd et al. 1994). Primarily pyrethroids are
recommended for control in field corn even though pyrethroids are generally less effective than
other insecticide classes on brown stink bug, with the exception of bifenthrin and zetacypermethrin (Snodgrass et al. 2005, López et al. 2012, Catchot et al. 2020). Accurate
estimations of pest populations through extensive scouting is required to determine when
treatment is needed based on an action threshold (Catchot et al. 2020). In Mississippi, it is
recommended to treat corn shorter than 2 feet tall when one or more stink bugs are present on 10
percent of plants (Catchot et al. 2020). Many growers and consultants in Mississippi use visual
scouting and have expressed difficulty in detecting infestations prior to damage. A partial
sampling method (focusing primarily on the base of young plants) may be a more cost-efficient
method for scouting particularly in the early vegetative stages (Babu and Reisig 2018, Babu and
Reisig 2018). Additionally, growers and consultants expressed concerns over the yield loss
potential once damage has occurred. The objective of this research was to determine the
7

percentage of damaged plants required to reduce yield. Two experiments were conducted using
natural brown stink bug damage to observe growth and yield responses to damage on individual
plants and multiple plants on a consecutive 3.048m row (to convert to a per hectare basis). Also,
simulated damage methods were used to further refine the growth and yield impacts in a more
controlled setting compared to natural infestation damage.
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CHAPTER II
THE IMPACT OF BROWN STINK BUG NATURAL AND SIMULATED DAMAGE ON
FIELD CORN GROWTH AND YIELD
Abstract
Brown stink bug, Euschistus servus (Say), is a common insect that can infest Mississippi
corn fields each year. Because the infestations and damage are sporadic, little research has been
conducted on the impact of brown stink bug infesting corn seedlings. Two experiments were
conducted in eleven commercial corn fields in the Mississippi Delta to evaluate the impact of
damage from natural stink bug infestations on corn yield and growth. Single plants and 3-meter
sections of row were marked at each location. Plant damage for the single plant experiment was
rated on a 0-3 scale and each single plant was given a damage rating based on visible
symptomology. As damage severity increased, plant height and yield decreased. Some plants
with the most severe damage did not produce any grain. At each location, sections of row (plots)
with 0%, 10%, 20%, 30%, or 40% damaged plants were identified. All levels of damaged plants
resulted in reduced yield and mean plant heights compared to the non-damaged control.
Additionally, multiple experiments were conducted in the 2019 growing season using simulated
damage methods in an attempt to further refine the impact of brown stink bug damage on field
corn growth and yield. Experiments used various concentrations of ethephon placed in the whorl
to achieve different levels of damage severity. Overall, plant height and yield reductions were
similar to the natural infestation damage. However, damage ratings were variable and did not
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produce the target damage severities (ratings). Another simulated damage experiment
incorporating physical damage with various concentrations of ethephon was used to further
refine the simulated damage methodologies. Damage ratings produced were similar to the large
simulated experiments. All damage treatments, except for the physical damage only plot,
resulted in lower yields than the non-damaged control.
Introduction
Brown stink bug, Euschistus servus (Say), is a polyphagous, bivoltine insect that
commonly feeds on grasses, shrubs, trees, and cultivated crops, including corn, Zea mays (L.)
(McPherson 1982; McPherson and McPherson 2000). Brown stink bugs will become active in
early Spring when temperatures rise above 21oC (Jones and Sullivan 1981). First generation
brown stink bug develops on native vegetation and winter wheat, Triticum aestivum (L.), while
the second generation develops on summer crops and native vegetation (Ehler 2000; Blinka et al.
2008). When native winter and spring vegetation begins to senesce or winter wheat matures and
is harvested, movement of brown stink bug to other hosts, including early vegetative stage field
corn can occur (Blinka et al. 2008; Reisig et al. 2013). Brown stink bug typically aggregate
along edges of corn fields and can move to and from native vegetation and early vegetative stage
field corn (Tillman 2010, Reisig et al. 2013; Babu et al. 2019).
Brown stink bug is typically observed feeding in the whorl and/or at the base of
vegetative stage corn plants. Symptomology of feeding includes leaf destruction, plant stunting,
plant tillering, and “dead-heart” or plant death (Townsend and Sedlacek 1986, Sedlacek and
Townsend 1988, Apriyanto et al. 1989). This feeding can reduce plant growth and yield of corn
plants at the V4 or earlier growth stages (Sedlacek and Townsend 1988, Apriyanto et al. 1989).
In previous experiments using caged plants infested with brown stink bug, an average of 52.5%
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plants exhibited tillering damage symptomology which resulted in ca. 72% yield loss (Sedlacek
and Townsend 1988). However, this has primarily been evaluated experimentally in greenhouse
settings on individual corn plants. Currently in the states of Mississippi, Tennessee, and
Louisiana, an action threshold for brown stink bug in vegetative corn less than 24 inches tall is
10% infested plants (Catchot et al. 2020, Brown et al. 2020, Stewart and McClure 2020).
Currently little research has been conducted on the impact of brown stink bug infesting
early vegetative stage corn particularly in field settings. During 2018 and 2019, studies utilizing
naturally occurring brown stink bug infestations and simulated damage methods were conducted
to determine the impact on field corn growth and yield.
Materials and Methods
Natural Infestation Damage
Experiments were conducted to determine the impact of brown stink bug damage to early
vegetative stage corn during 2018 and 2019. These experiments were conducted in eleven
commercial fields with naturally occurring stink bug damage (Table 2.1). These experiments
utilized corn hybrids, planting dates, and production practices common to Mississippi and
determined by the individual grower. At each location two experiments were conducted: one
that utilized individual plants and another that utilized plots consisting of 3.048m of row. For
both experiments the experimental design was a completely randomized design. For the single
plant experiments, plants were randomly chosen throughout the field based on visible
symptomology using the following criteria: (0) no visible damage; (1) leaf punctures from stink
bug stylet insertion and minor leaf streaking; (2) leaf punctures from stink bug stylet insertion
with leaf streaking and light to moderate plant stunting; or (3) leaf punctures from stink bug
stylet insertion with leaf streaking with severe plant stunting plus main stem death (dead-heart)
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with or without tillering/ or complete plant death (Figure 2.1). Main stem death (dead-heart)
typically results in tillering or complete plant death. Healthy plants were spaced apart from one
another and were in proximity to other healthy plants. In every attempt possible, damaged plants
were placed next to healthy plants. However, in some cases, there was a limited amount of
damaged plants and had to be placed next to other damaged plants. A minimum of 15 plants per
damage category including non-damaged plants were identified at each location. Because
damage to one plant was independent of damage to another plant, individual plants were
considered as experimental units (replicates) in these experiments.
Another experiment utilized plots consisting of 3.048m of row. In this experiment plots,
various percentages of brown stink bug damaged plants including 0, 10, 20, 30, or 40% of plants
per plot damaged, were identified and established at each location. The severity of damage
among plants varied and was determined at plot establishment during 2019. A minimum of three
replications were utilized at each location. During 2019 plant height for all plants within each
plot for both the single plant and multiple plant experiments was determined at maximum plant
height (ca. 1 week after the R1 growth stage). Plots were hand harvested when grain moisture
was ca. 22% (before commercial harvest began). Corn ears for the single plant experiments were
harvested individually, while corn ears for the multiple plant experiment were pooled within a
plot. Harvested corn ears were dried in a forage dryer at ca. 48.9° C for ca. 7 days. Corn ears for
all experiments were hand shelled and grain weight determined. Grain moisture content was also
determined, and grain weight corrected to 15% moisture. Corrected grain weight for the multiple
plant experiment was converted to kg/ha. For both experiments, plant height and yield data were
subjected to analysis of variance using the GLIMMIX procedure (SAS 2020). Treatment was
considered the fixed effect, while siteyear and replication nested within siteyear were considered
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random effects. Degrees of freedom were calculated using the Kenward-Rodger method. For
the multiple plant experiment, the percent of damaged plants within each damage category was
calculated using the formula (# of plants within damage category X / total number of damaged
plants per plot) * 100. Also mean damage rating across all damaged plants was calculated. For
both of these parameters, the non-damaged plants within a plot were not used in calculations, and
the control plots (0% damaged plants) were excluded from the analysis because damage ratings
for control plots were zero and had a variance of zero. Analysis for these parameters used the
same random effects as plant height and yield. Means were separated according to Fisher’s
Protected LSD at α=0.05. The means procedure was utilized to generate means and standard
errors for each treatment.
Simulated Damage
During 2018, multiple experiments were conducted at the Delta Research & Extension
Center in Stoneville, MS using manual damage methods to simulate plant injury from brown
stink bug feeding. In these experiments, the main stem of corn plants was punctured just above
the soil line with an 18-gauge hypodermic needle dipped in pectinase enzyme. These
experiments were conducted at the V1, V2, and V3 growth stages. These methods failed to
consistently produce symptomology similar to stink bug feeding. During the fall and winter of
2018-2019, greenhouse experiments were conducted to evaluate manual damage methods to
produce symptomology similar to stink bug feeding. Results of these preliminary experiments
indicated that placing 25 µl of an ethephon solution into the whorl of V1, V2, or V3 corn plants
resulted in symptomology similar to stink bug feeding including: (1) minor leaf streaking; (2)
leaf streaking and light to moderate plant stunting; or (3) leaf streaking with severe plant stunting
plus main stem death (dead-heart) with or without tillering/ or complete plant death depending
17

on ethephon concentrations (Figure 2.2). Because an object was not inserted through the main
stem (furled leaves), no holes in the leaves were manifested. These methods were utilized in
field experiments during the 2019 growing season at the Delta Research & Extension Center to
examine the impact of simulated brown stink bug damage on field corn growth and yield. These
studies utilized this simulated damage method to imitate insect damage in a more controlled
setting than could be obtained in fields with natural brown stink bug infestations. A Bt corn
hybrid (Dekalb 67-72, Bayer Crop Sciences, St. Louis, MO) was planted at 84,000 seeds/ha.
Three trials of the experiment were conducted at each stage (V1, V2, V3). These experiments
were planted on 3/29, 5/17, 5/24 (V1); 3/19, 5/1, 5/17 (V2); and 3/19, 5/1, 5/17 (V3). Plots were
4 rows x 3.048 m with 1.016 m row spacing. A randomized complete block design with an
incomplete factorial arrangement of treatments with four replications was used as the
experimental design for each trial. Factor A was ethephon solution concentration / damage
severity. Ethephon solutions utilized include 5%, 10%, and 15% solution of an ethephon product
(Boll Buster 719g ai/1, 55.4% ethephon, Loveland Products, Greely, CO) in water to achieve
different levels of damage severity. The actual ethephon concentrations were 2.77%, 5.54%, and
8.31%. Factor B was percent damaged plants which included 10%, 20%, 30%, and 40%
damaged plants. A non-damaged control was also included. Damage treatments were imposed
by injecting 25 µL of solution into the whorl of young plants with an Eppendorf M4 repeating
pipette (Eppendorf North America, Hauppause, NY). All damaged plants were marked with a
flag when damage was imposed. Plant damage severity was visually estimated at 14 and 28 days
after treatment based on the previously described rating criteria. Plant height for ten plants per
plot (5 damaged and 5 non-damaged) was determined at maximum plant height (ca. 1 week after
the R1 growth stage). Once grain reached maturity at ca. 15% moisture content, all plots were
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machine harvested, and grain weights were determined. Grain weight moisture was corrected to
15%, and yields were converted to kg/ha. For all experiments, plant height and yield data were
subjected to an analysis of variance using the GLIMMIX procedure (SAS 2020). Damage
severity, damage level, and the interaction of damage severity and damage level were considered
fixed effects. Trial and replication nested within trial were considered random effects. Degrees
of freedom were calculated using the Kenward-Rodger method. Mean damage rating across all
damaged plants within each plot was calculated. Damage ratings were subjected to a repeated
measures analysis using the GLIMMIX procedure (SAS 2020). Control plots and the nondamaged plants within a plot were not used in calculations, and the control plots (0% damaged
plants) were excluded from the analysis due to a rating of zero and variance of zero. Damage
level, damage severity, rating date, and the interactions between the three were considered to be
fixed effects. Trial and replication nested in trial were considered the random effects. Degrees
of freedom were calculated using the Kenward-Rodger method. Means for yield, plant height,
and damage ratings were separated according to Fisher’s Protected LSD at α=0.05. The means
procedure was utilized to generate means and standard errors for each treatment.
Simulated Damage Methodology Experiments
An experiment was conducted in 2019 to compare the simulated damage methodologies
on field corn yield at the V1, V2, and V3 growth stages. The experimental design was a factorial
arrangement of treatments in a randomized complete block design with four replications. The
methodologies tested include physical damage by piercing the main stem near the soil line with
an 18-guage hypodermic needle and no physical damage (factor A). Different ethephon solution
concentrations (0%, 5%, 10%, and 15%) (factor B) were used to cause different levels of damage
severity. Ethephon treatments were imposed by injecting 25 µL of solution into the whorl of
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young plants with an Eppendorf M4 repeating pipette (Eppendorf North America, Hauppause,
NY). These trials utilized the same planting dates for each growth stage (V1, V2, V3) as the
previous experiments. Plots were 1 row (101.6 cm centers) x 1.524 meters. Three trials for each
growth stage (V1, V2, V3) were conducted. Treatments were imposed on ten consecutive plants
in each plot. Damage ratings and yield were determined for those ten plants in each plot.
Damage severity was estimated at 14 and 28 days after treatment based on the previously
described rating criteria. Once grain reached maturity, all plots were hand harvested. Harvested
corn ears were dried in a forage dryer at ca. 48.9o C for ca. 7 days. Corn ears were hand-shelled,
and grain weight and moisture were determined. Grain moisture was corrected to 15%. All data
were subjected to analysis of variance procedures using the GLIMMIX procedure (SAS 2020).
Damage rating data were analyzed as an incomplete factorial arrangement of treatments in a
randomized complete block design. The no physical damage – no ethephon application plots
were excluded from the analysis because all damage ratings were zero and the variance was also
zero. Ethephon concentrations nested within physical damage, rating date nested in physical
damage, and ethephon concentrations by rating date nested in physical damage were the fixed
effects. Trial and replication nested in trial were the random effects. Yield data were analyzed
as a complete factorial arrangement of treatments in a randomized complete block. Fixed effects
were physical damage, ethephon concentration, and the interaction between the two. Random
effects included trial and replication nested in trial. Degrees of freedom were calculated using
the Kenward-Rodger method. Means for yield and damage ratings were separated according to
Fisher’s Protected LSD at α=0.05. The means procedure was utilized to generate means and
standard errors for each treatment.
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Results
Natural Infestation Damage
For the single plant experiment, differences among plant damage severity classes were
observed for plant height (Table 2.2). Reductions in plant height were observed with each
increase in damage severity. Plant height reductions ranged from 5.2% to 28.2%. Differences
among plant damage severity classes were observed for yield of individual plants (Table 2.2).
Similar to plant height, reductions in yield were also observed with each increase in damage
severity. Mean yield reduction for individual plants ranged from 28.4% to 65.6%. Differences
among varying levels of damaged plants (control plots excluded) were observed for mean
damage rating per damaged plant (Table 2.3). Plots with 10% damaged plants had a lower mean
damage rating per plant than plots with 20, 30, or 40% damaged plants. This was likely due to
the differences in percent of damaged plants per plot within each of the damage severity classes.
Plots with 10% damaged plants had a greater percentage of damaged plants in the lowest damage
severity category (leaf punctures and leaf streaking) compared to plots with 20, 30, or 40%
damaged plants (Table 2.3). All plots had a similar percent damaged plants in the median
damage severity category (leaf punctures, leaf streaking, and light to moderate stunting) (Table
2.3). Also plots with 10% damaged plants had a lower percentage of damaged plants in the
highest damage severity category (leaf punctures, streaking, severe stunting, main stem
death/tillering, or complete plant death) compared to plots with 20, 30, or 40% damaged plants
(Table 2.3). For the multiple plant experiment differences among varying levels of damaged
plants were observed for plant height (Table 2.4). Mean plant height was reduced when ≥ 20%
of plants per plot were damaged. This was somewhat expected as plots with lower percentage of
plants damaged had a higher proportion of non-damaged plants. Percentages of stink bug
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damaged plants ≥10% resulted in lower yields compared to the non-damaged control (Table 2.4).
Plots with 30 or 40% damaged plants had lower yields than plots with 10 or 20% damaged
plants. Yield reductions ranged from 8.7% to 16% (Table 2.4).
Simulated Damage
The use of different concentrations of ethephon were successful for causing different
levels of damage severity at all growth stages. Damage severity ranged from 1.61 to 2.11 at V1,
from 1.74 to 2.14 at V2, and from 1.58 to 2.18 at V3 among ethephon concentrations.
For V1 experiments, there were no significant interactions that included rating date for
plant damage rating (Table 2.5). Also, there was no significant interaction between damage
severity and percent damaged plants for plant damage ratings (Table 2.5). Overall greater
damage was observed at 14 DAT (1.99 ±0.030) compared to 28 DAT (1.77 ±0.026) (Table 2.5).
Differences among damage severities were also observed (Table 2.5). No interaction was
observed between damage severity and percent damaged plants for plant height (Table 2.6). All
levels of damage severity resulted in shorter plants compared to the control (Table 2.7). Greater
reductions in plant height were observed as damage severity increased (Table 2.7). Also, all
levels of percent damaged plants resulted in shorter plants compared to the control (Table 2.8).
Plots with 10% or 20% damaged plants had shorter plants than plots with 40% damaged plants.
Possibly due to a less random selection of damaged plants to measure, plots with 10% or 20%
damaged plants had significantly shorter plants compared to plots with 40% damaged plants. No
interaction between damage severity and percent damaged plants was observed for yield (Table
2.6). However, yield was reduced when ≥ 30% of plants were damaged compared to the control
(Table 2.8).
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For V2 experiments, there were no significant interactions that included rating date for
plant damage rating (Table 2.5). Also, there was no significant interaction between damage
severity and percent damaged plants for plant damage ratings (Table 2.5). Differences among
rating dates were observed for damage ratings (Table 2.5). Overall greater damage was observed
at 14 DAT (2.00 ±0.049) compared to 28 DAT (1.89 ±0.031). Differences among damage
severities were observed (Table 2.5). No interaction was observed between damage severity and
percent damaged plants for plant height (Table 2.6). All levels of damage severity resulted in
shorter plants compared to the control with significant reductions in plant height being observed
as damage severity increased (Table 2.7). Also, all levels of percent damaged plants resulted in
shorter plants compared to the control (Table 2.8). Plots with 10% damaged plants had shorter
plants than plots with 30% or 40% damaged plants. Possibly due to a less random selection of
damaged plants to measure, plots with 10% damaged plants had significantly shorter plants
compared to plots with 30% or 40% damaged plants. No interaction between damage severity
and percent damaged plants was observed for yield (Table 2.6). Differences among damage
severities were observed with all damage severities having significantly lower yield than the
control (Table 2.7). Also, yield was reduced when ≥ 30% of the plants were damaged compared
to the control (Table 2.8).
For V3 experiments, there were no significant interactions that included rating date for
plant damage rating (Table 2.5). Also, there was no significant interaction between damage
severity and percent damaged plants for plant damage ratings (Table 2.5). Differences among
rating dates were observed for damage ratings (Table 2.5). Overall greater damage was observed
at 14 DAT (2.01 ±0.032) compared to 28 DAT (1.78 ±0.028). Differences among damage
severities were observed (Table 2.5). No interaction was observed between damage severity and
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percent damaged plants for plant height (Table 2.6). All levels of damage severity resulted in
shorter plants compared to the control (Table 2.7). Greater reductions in plant height were
observed as damage severity increased (Table 2.7). Also, all levels of percent damaged plants
resulted in shorter plants compared to the control (Table 2.8). Similar to the V1 and V2
experiments, plots with 10% damaged plants had significantly shorter plants compared to plots
with 40% damaged plants possibly due to the less random selection of damaged plants to
measure. No interaction between damage severity and percent damaged plants was observed for
yield (Table 2.6). However, yield was reduced when ≥ 20% of the plants were damaged
compared to the control (Table 2.8).
Simulated Damage Methodology Experiments
For V1 experiments, there was no interaction between ethephon concentration and rating
date for plant damage ratings (Table 2.9). Also, differences among ratings dates were observed
for damage ratings (Table 2.9). Overall, greater damage was seen at 14 DAT (1.72 ±0.066)
compared to 28 DAT (1.41 ±0.049). Also, differences among ethephon concentrations were
observed for plant damage ratings (Table 2.9). There were differences in ethephon
concentrations regardless of the presence or absence of physical damage observed for damage
ratings (Table 2.10). All ethephon concentrations with/without physical damage produced more
severe damage than physical damage alone (Table 2.10). Also, there was no interaction between
physical damage and ethephon concentration observed for yield (Table 2.12). Differences
among ethephon concentrations were observed for yield (Table 2.12). All ethephon
concentrations resulted in lower yields compared to the control with medium and high
concentrations resulting in lower yields than the low concentration (Table 2.13).
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For V2 experiments, there was no interaction between ethephon concentrations and rating
date for plant damage ratings (Table 2.9). Differences among ratings dates were observed for
damage ratings (Table 2.9). Overall, greater damage was seen at 14 DAT (1.77 ±0.065)
compared to 28 DAT (1.56 ±0.066). Also, differences among ethephon concentrations were
observed for plant damage ratings (Table 2.9). There was also a stepwise increase in damage
rating for ethephon concentrations with and without physical damage (Table 2.10). There was
also a difference in ethephon concentrations regardless of the presence or absence of physical
damage observed for mean damage ratings (Table 2.10). All ethephon concentrations with or
without physical damage produced more severe damage than physical damage alone (Table
2.10). Also, there was no interaction between physical damage and ethephon concentration
observed for yield (Table 2.12). Differences among ethephon concentrations were observed for
yield (Table 2.12). All ethephon concentrations resulted in lower yields compared to the control
with medium and high concentrations resulting in lower yields than the low concentration (Table
2.13).
For V3 experiments, the 14 DAT rating for plots that received the highest ethephon
concentration and physical damage was higher than that for any other rating date, ethephon
treatment combination (Table 2.11). Damage ratings for all plots, except those that received the
physical damage only treatment, declined from 14 to 28 DAT. At both 14 and 28 DAT, damage
ratings increased as ethephon concentration increased for plots that received the physical damage
treatment also (Table 2.11). For plots that did not receive the physical damage treatment, the
high and medium ethephon concentrations resulted in similar damage ratings at 14 and 28 DAT,
respectively (Table 2.11). At 14 DAT higher damage ratings were observed for plots that
received either the high or low ethephon concentration and physical damage compared to plots
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that received the corresponding ethephon concentration (either high or low) with no physical
damage (Table 2.11). At 28 DAT higher damage ratings were observed for plots that received
the high ethephon concentration and physical damage compared to plots that received the
corresponding ethephon concentration with no physical damage (Table 2.11). Also, there was no
interaction between physical damage and ethephon concentration observed for yield (Table
2.12). Differences among ethephon concentrations were observed for yield (Table 2.12). All
ethephon concentrations resulted in lower yields compared to the control (Table 2.13).
Discussion
Brown stink bug is typically a sporadic pest of vegetative stage corn. However,
incidence of stink bug injury to vegetative stage corn has been more common in Mississippi
during 2017 to 2019. Previous research indicates that corn plants are more sensitive to stink bug
feeding before the V4 growth stage (Townsend and Sedlacek 1988, Apriyanto et al. 1989).
However, research on the impact of brown stink bug on early vegetative corn is limited, with
much of it being conducted under greenhouse conditions. Additionally, in those studies damage
severity was either not characterized or was characterized as whether plants produced tillers or
not. During 2018 and 2019, studies were conducted on commercial farms in Mississippi with
naturally occurring brown stink bug damage. Within these locations a range of damage severity
was observed. It was previously thought that damage to plants that did not result in stunting,
tillering, or plant death did not impact corn growth and yield (Apriyanto et al. 1989). Where
brown stink bugs were infested on V2 stage corn plants and did not produce tillering
symptomology, extended leaf height (11 days after infestation) and yield of those plants were not
significantly different than that for the non-infested plants (Apriyanto et al. 1989). However, in
the current study, the lowest severity of damage (leaf punctures with no severe stunting or
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tillering) resulted in less plant height at tassel and lower yields (29.2% lower) compared to nondamaged plants. While the most severe damage symptomology in the current study, which
included tillering and dead heart, resulted in less plant height at tassel and a 66.8% yield
reduction on average, with 100% yield loss occurring for some plants. These results are similar
to those of previous studies where plants infested with brown stink bug at the VE and V2 growth
stages that produced tillers had lower extended leaf height at 11 to 36 days after infestation
(Townsend and Sedlacek 1986, Sedlacek and Townsend 1988, Apriyanto et al. 1989) and lower
yields (plants infested at V2 and produced tillers, yields 57.9 to 89.1% less) compared to noninfested plants (Apriyanto et al. 1989). Additionally, infestations of a related species, Euschistus
variolarius (Palisot de Beauvois) resulted in lower plant height at tassel and ca. 50% yield
reductions compared to non-infested plants (Annan and Bergman 1988). These studies
demonstrate that brown stink bug can cause damage to corn plants when infestations occur prior
to the V4 growth stage. The current study demonstrates that damage symptomology with regard
to yield impacts is not binary (yes or no), and that a range of damage severity with a
corresponding range of yield responses can occur. Another aspect that the current study
investigated was the percentage of damage plants required to reduce yield on a per area basis. In
the current study ≥10% damaged plants (range of severity) resulted in lower yield compared to
the non-damaged control. Brown stink bug typically aggregates along field edges (Tillman et al.
2010, Reisig et al. 2013). Due to this behavior it is unlikely that 10% or more plants in an entire
field would be damaged, although portions of fields could have considerable damage. However,
this would be dependent on field size, with smaller fields having greater risk of having damage
in relatively large portions of the field. In other areas, including North Carolina, winter wheat is
an important host of brown stink bug before they infest early vegetative stage corn (Blinka et al.
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2008, Babu et al. 2019). The proximity of corn to winter wheat is related to the extent and
severity of damage to corn. However, wheat production in Mississippi is highly variable. Wheat
plantings during 2016 to 2019 have been lower than usual (ca. 131,000 hectares planted on
average) because of low commodity price and / or excessive rainfall during the fall (USDA
NASS 2019). This along with timing of wheat maturity to the VE to V4 growth stages of corn
indicate that stink bugs infesting early vegetative stage corn are likely moving from wild host
plants. Additional studies are needed to examine the influence of wild host plants and possibly
overwintering habitats on brown stink bug infestations in early vegetative stage corn. In an
attempt to examine impact on plant growth and yield in a more controlled setting, studies
utilizing methods to simulate damage from brown stink bug were conducted. Also, studies
comparing these methods to infestations of brown stink bug on individual plants were attempted,
but adequate numbers of stink bugs could not be collected. The simulated damage methods
generally resulted in plant height responses similar to that observed for corn plants with damage
from natural stink bug infestations. On average the lowest ethephon concentration resulted in a
higher damage rating (1.58-1.74) than the target rating (1). While the highest ethephon
concentration resulted in a lower damage rating (2.11-2.18) than the target rating (3). This may
be the reason for the lack of yield response observed in the V1 and V3 simulated damage
experiments, and the lack of differences among ethephon concentration treatments in the V2
experiment. In other studies to evaluate simulated damage methods, incorporating physical
damage (puncturing stem of plant with hypodermic needle at soil line) in addition to ethephon
placed in the whorl did not result in different damage rating responses compared to ethephon
placed in the plant whorl alone. Damage responses (ratings) were similar to those in the larger
plot simulated damage experiments previously mentioned. However, in these experiments yield
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responses, with the exception of the V3 studies, were similar to that observed in the on-farm
studies with damage from natural brown stink bug infestations. In these experiments, damage
responses (damage ratings) and yield responses were somewhat variable. These methodologies
would benefit from further refinement and comparison to damage from stink bug feeding.
Depending on the percentage of the field affected, brown stink bug infestations could be
managed economically. Assuming a price for corn of $0.37/kg ($4/bu) and a control cost of
$19.76/ha ($8/acre) applied by air, it would only require the protection of 127 kg/ha (2 bu/acre)
of yield to equal the cost of control (Maples et al. 2019, NASS 2019). However, the major issue
is scouting and detection of infestations for accurate timing of insecticide applications.
Agricultural consultants in Mississippi have expressed concerns over the difficulty in detecting
stink bug infestations before damage has occurred. Several scouting methods were evaluated
including, visual scouting, “sticky card” flight intercept traps, large flight intercept traps, and
pheromone baited traps. None of these methods were reliable in detecting stink bug infestations.
At the on-farm locations where these were deployed, these scouting methods failed to detect any
stink bugs during 2018 or 2019 (data not presented). Further research is needed to develop
reliable and accurate scouting methods. Casual observations during 2018 and 2019 indicated
that damage was more prevalent next to stink bug overwintering sites, such as tree lines. Also,
the influence of previous crop in a particular field and level of tillage needs further investigation.
During 2018 and 2019, fields that were planted to soybean the previous year, and particularly
those managed using no-till practices where the corn crop was planted into the soybean residue
appeared to have a greater incidence of stink bug damage. This, especially the relationship with
no-till practices, has been proposed before (Edwards et al. 1985). Brown stink bug infestations
in early vegetative stage corn are sporadic from year to year and from field to field within years.
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However, when and where they occur, brown stink bug infestations in early vegetative stage corn
will be problematic until accurate and reliable scouting methods are developed.
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Table 2.1

On-farm locations of trials with naturally occurring stink bug damage in
Mississippi during 2018 and 2019.

Year

Location/Field

2018

2019

Coordinates

Row Spacing

Plants/hectare

Morgan City

33.374136°N, 90.405264°W

0.9652m (38”)

73,704

Sunflower

33.556181°N, 90.592711°W

0.9652m (38”)

80,156

Scott

33.577547°N, 91.034000°W

0.9652m (38”)

79,138

Holly Ridge

33.550042°N, 90.744858°W

0.9652m (38”)

75,402

Gunnison 1

33.909839°N, 90.910494°W

0.762m (30”)

87,121

Gunnison 2

33.909194°N, 90.912767°W

0.762m (30”)

85,185

Holly Ridge 1

33.519583°N, 90.749717°W

0.9652m (38”)

77,099

Holly Ridge 2

33.471256°N, 90.737258°W

0.9652m (38”)

83,891

Shelby 1

33.944889°N, 90.733197°W

0.762m (30”)

72,005

Shelby 2

34.007119°N, 90.811736°W

0.762m (30”)

82,195

Sidon

33.417311°N, 90.195117°W

0.762m (30”)

104,114
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Table 2.2

Impact of brown stink bug feeding damage of varying severity from natural
infestations on plant height and yield of individual corn plants in on-farm
experiments during 2018 and 2019 (mean ± SE).

Damage Symptomology

Plant Height (cm)

Yield (grams)

(0)Non-damaged

253.04 (2.77)a

211.91 (2.13)a

(1)Leaf Punctures

239.77 (2.99)b

149.97 (3.11)b

(2)Punctures + Stunting

224.68 (4.10)c

125.54 (3.66)c

(3)Tillering/Dead-heart

181.58 (6.78)d

70.40 (4.50)d

F

81.26

384.97

df

3, 541

3, 819.8

P

˂ 0.0001

˂ 0.0001

Means within columns with a common letter are not significantly different (FPLSD P=0.05).
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Table 2.3

Percent of damaged plants within each damage symptomology category and mean damage rating across damaged plants
during 2019 (mean ± SE).
Percent of Damaged Plants with Damage Symptomology of:b
Leaf Punctures

Leaf Punctures

Leaf Punctures, Stunting,

Mean Damage Rating

and Leaf Streaking

and Stunting

and Dead-heart/or Plant Death

per Damaged Plantc

10

70.2 (8.50)a

26.6 (8.40)

3.2 (3.17)b

1.32 (0.096)b

20

46.7 (7.88)b

40.7 (5.50)

12.6 (3.89)a

1.66 (0.111)a

30

54.8 (6.75)b

31.4 (4.92)

13.8 (3.25)a

1.60 (0.094)a

40

47.3 (5.52)b

43.24 (4.97)

9.5 (2.53)ab

1.62 (0.070)a

F
df
P

4.41
3, 76.07
0.0065

2.34
3, 76.15
0.0799

2.83
3, 76.15
0.0442

5.19
3, 76.06
0.0026

Percent Damaged Plantsa

Means within columns within the same growth stage with a common letter are not significantly different (FPLSD P=0.05).
a
Control plots excluded from analysis, because no damaged plants occurred in those plots.
b
Percentage of damage plants within the describe damage symptomology categories, non-damaged plants in each plot excluded.
c
Mean damage rating across all damaged plants within a plot, non-damaged plants in each plot excluded.
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Table 2.4

Impact of varying percentages of brown stink bug damaged plants from natural infestations on mean plant height and
yield in on-farm experiments during 2018 and 2019 (mean ± SE).

Percent Damaged Plants

Plant Height (cm)a

Yield (kg/ha)

0%

246.62 (6.19)a

16,186.1 (291.27)a

10%

245.79 (5.80)a

14,778.9 (264.71)b

20%

239.22 (5.80)b

14,210.6 (284.90)b

30%

239.35 (7.46)b

13,601.1 (363.48)c

40%

236.88 (6.77)b

13,621.0 (338.93)c

F

4.12

25.35

Df

4, 119.3

4, 192.5

P

0.0037

˂ 0.0001

Means within columns within the same growth stage with a common letter are not significantly different (FPLSD P=0.05). Plot size
3.048 row m.
a
Mean plant height was averaged across all plants per plot.
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Table 2.5

Analysis of variance for damage ratings for simulated stink bug damage
experiments in field corn at the V1, V2, and V3 growth stages during 2019.

Trial / Growth Stage
V1

V2

V3

Factor

F

df

P

Damage Severity

89.61

2, 252.1

<0.0001

Damage Percentage

1.12

3, 252.1

0.3407

Severity * Percentage

0.27

6, 252.1

0.9521

Rating Date

52.68

1, 252.1

<0.0001

Rating Date*Damage Severity

1.05

2, 252.1

0.3525

Rating Date*Damage Percentage

0.48

3, 252.1

0.6949

Rating Date*Severity*Percentage

0.85

6, 252.1

0.5350

Damage Severity

49.11

2, 262

<0.0001

Damage Percentage

0.82

3, 262

0.4848

Severity * Percentage

0.78

6, 262

0.5893

Rating Date

9.96

1, 262

0.0018

Rating Date*Damage Severity

0.19

2, 262

0.8300

Rating Date*Damage Percentage

0.51

3, 262

0.6748

Rating Date*Severity*Percentage

0.27

6, 262

0.9503

180.98

2, 253

<0.0001

Damage Percentage

0.51

3, 253

0.6731

Severity * Percentage

0.49

6, 253

0.8144

Rating Date

76.37

1, 253

<0.0001

Rating Date*Damage Severity

2.02

2, 253

0.1350

Rating Date*Damage Percentage

0.24

3, 253

0.8696

Rating Date*Severity*Percentage

0.62

6, 253

0.7158

Damage Severity
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Table 2.6

Analysis of variance for plant heights and yield for simulated stink bug damage
experiments in field corn at the V1, V2, and V3 growth stages during 2019.

Trial/
Growth Stage
V1

V2

V3

Plant Height

Yield

Factor

F

df

P

F

df

P

Damage Severity

14.43

2, 132

<0.0001

0.65

2, 132

0.5215

Damage Percentage

4.25

3, 132

0.0067

12.86

3, 132

<0.0001

Severity * Percentage

0.11

6, 132

0.9952

1.27

6, 132

0.2776

Damage Severity

3.95

2, 120

0.0218

3.04

2, 132

0.0511

Damage Percentage

5.61

3, 120

0.0012

6.44

3, 132

0.0004

Severity * Percentage

0.55

6, 120

0.7697

0.67

6, 132

0.6743

Damage Severity

17.84

2, 132

<0.0001

0.22

2, 132

0.8050

Damage Percentage

3.45

3, 132

0.0186

10.04

3, 132

<0.0001

Severity * Percentage

0.28

6, 132

0.9442

1.75

6, 132

0.1137
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Table 2.7

Trial/
Growth Stage
V1

V2

V3

Impact of damaged severity from simulated damage methods on V1, V2, and V3
mean plant damage ratings, plant height, and yield of field corn during 2019 (mean
±SE).
Damage Severity/
ethephon concentration

Damage
a

Rating

b

Plant
Height (cm)c

Yield (kg/ha)

Control

-

241.10 (1.87)a

6,555.8 (153.93)a

Low

1.61 (0.028)c

211.72 (2.31)b

5,979.1 (126.33)a

Medium

1.91 (0.032)b

203.89 (2.92)c

6,060.2 (108.63)a

High

2.11 (0.028)a

196.40 (3.39)d

5,933.5 (113.56)a

P >F

<0.0001

˂0.0001

0.5215

Control

-

220.86 (3.85)a

6,044.2 (262.89)a

Low

1.74 (0.056)c

194.36 (3.15)b

5,502.9 (167.39)b

Medium

1.96 (0.043)b

191.65 (2.91)bc

5,716.9 (193.90)b

High

2.14 (0.043)a

186.18 (3.48)c

5,269.5 (172.24)b

P >F

<0.0001

0.0218

0.0511

Control

-

222.29 (3.40)a

5,950.9 (224.45)a

Low

1.58 (0.033)c

202.18 (2.20)b

5,256.3 (163.87)a

Medium

1.93 (0.023)b

194.92 (1.74)c

5,184.1 (148.71)a

High

2.18 (0.029)a

189.93 (2.27)d

5,252.6 (149.59)a

˂0.0001

0.8050

P >F

<0.0001

Means within columns within the same growth stage with a common letter are not significantly
different (FPLSD P=0.05). Plot size 2 rows x 3.048m.
a
Ethephon concentrations were low (2.77%), medium (5.54%), and high (8.31%).
b
Control plots excluded from analysis, because there were no damaged plants in those plots.
Non-damaged plants within each plot were excluded from analysis. Mean damage ratings were
averaged across all damaged plants per plot.
c
Mean plant heights were averaged across five damaged and five non-damaged plants per plot.
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Table 2.8

Impact of percent damaged plants from simulated damage methods on V1, V2, and
V3 mean plant height and yield of field corn during 2019 (mean ±SE).

Trial/Growth Stage
V1

V2

V3

Percent Damaged Plants

Plant Height (cm)a

Yield (kg/ha)

0%

241.10 (1.87)a

6,555.8 (153.93)a

10%

198.31 (3.53)d

6,314.2 (122.63)a

20%

202.05 (3.96)cd

6,209.8 (106.51)a

30%

206.46 (3.20)bc

5,830.7 (118.70)b

40%

209.19 (3.09)b

5,609.2 (152.90)b

P >F

0.0067

˂0.0001

0%

220.86 (3.85)a

6,044.2 (262.89)a

10%

183.18 (4.90)c

5,932.7 (158.47)a

20%

189.64 (3.29)bc

5,686.2 (149.12)a

30%

193.77 (3.20)b

5,151.1 (215.18)b

40%

196.33 (2.79)b

5,215.8 (261.99)b

P >F

0.0012

0%

222.29 (3.40)a

5,950.9 (224.45)a

10%

192.17 (2.76)c

5,578.8 (185.32)ab

20%

195.09 (2.37)bc

5,392.2 (170.27)b

30%

195.69 (2.69)bc

5,098.2 (159.69)c

40%

199.76 (2.22)b

4,854.8 (174.02)c

P >F

0.0186

˂0.0001

0.0004

Means within columns within the same growth stage with a common letter are not significantly
different (FPLSD P=0.05). Plot size 2 rows x 3.048m.
a
Mean plant heights were averaged across five damaged and five non-damaged plants per plot.
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Table 2.9

Analysis of variance for damage ratings for small simulated stink bug damage
experiments in field corn at the V1, V2, and V3 growth stages during 2019.
Factora

F

df

P

Physical Damage

19.04

1, 143

<0.0001

Ethephon Concentration (PD)

53.30

5, 143

<0.0001

Rating Date (PD)

18.89

2, 143

<0.0001

Concentration * Rating Date (PD)

0.82

5, 143

0.5398

Physical Damage

3.80

1, 141.3

0.0532

Ethephon Concentration (PD)

54.66

5, 141.3

<0.0001

Rating Date (PD)

7.56

2, 141.1

0.0008

Concentration * Rating Date (PD)

0.78

5, 141.1

0.5683

Physical Damage

6.10

1, 143

0.0147

Ethephon Concentration (PD)

108.56

5, 143

<0.0001

Rating Date (PD)

36.19

2, 143

<0.0001

Concentration * Rating Date (PD)

4.73

5, 143

0.0005

Trial / Growth Stage
V1

V2

V3

a

PD = physical damage.

39

Table 2.10

Impact of small simulated stink bug damage experiments in field corn at the V1
and V2 growth stages during 2019 on mean damage ratings.
Mean Damage Ratingc

Ethephon
Concentrationa

Physical Damageb

V1

V2

0

Yes

0.71 (0.080)d

0.85 (0.055)e

Low

Yes

1.45 (0.079)c

1.42 (0.128)d

Medium

Yes

1.79 (0.060)b

1.97 (0.058)bc

High

Yes

1.92 (0.070)ab

2.25 (0.052)a

Low

No

1.27 (0.089)c

1.30 (0.081)d

Medium

No

1.81 (0.060)ab

1.83 (0.113)c

High

No

1.98 (0.068)a

2.06 (0.058)ab

<0.0001

<0.0001

P>F

Means within columns within the same growth stage with a common letter are not significantly
different (FPLSD P=0.05). Plot size 1 row x 1.524m.
a
Ethephon concentrations were low (2.77%), medium (5.54%), and high (8.31%).
b
Physical damage was puncturing plants with an 18-guage hypodermic needle at the soil surface.
c
Control plots excluded from analysis, because there were no damaged plants in those plots. Data
analyzed across rating date (14 and 28 DAT), because there were no significant interaction
between treatment and rating date. Mean damage ratings were averaged across all plants per
plot.
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Table 2.11

Impact of small simulated stink bug damage experiments on mean damage ratings
in field corn at the V3 growth stage during 2019 (mean ± SE).
Ethephon

Rating Date

Concentrationa

14 DAT

28 DAT

Physical Damageb

Mean Damage Ratingc

0

Yes

0.84 (0.094)g

Low

Yes

1.84 (0.125)c

Medium

Yes

2.25 (0.069)b

High

Yes

2.53 (0.082)a

Low

No

1.63 (0.133)de

Medium

No

2.13 (0.096)b

High

No

2.31 (0.074)b

0

Yes

0.97 (0.054)g

Low

Yes

1.46 (0.086)ef

Medium

Yes

1.79 (0.078)cd

High

Yes

2.20 (0.079)b

Low

No

1.37 (0.120)f

Medium

No

1.68 (0.096)cd

High

No

1.85 (0.083)c

P>F

0.0005

Means with a common letter are not significantly different (FPLSD P=0.05). Plot size 1 row x
1.524m.
a
Ethephon concentrations were low (2.77%), medium (5.54%), and high (8.31%).
b
Physical damage was puncturing plants with an 18-guage hypodermic needle at the soil surface.
Control plots excluded from analysis, because there were no damaged plants in those plots.
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Table 2.12

Analysis of variance for yield for small simulated stink bug damage experiments in
field corn at the V1, V2, and V3 growth stages during 2019.

Trial / Growth Stage
V1

V2

V3

Factor

F

df

P

Physical Damage

0.01

1, 77

0.9226

Ethephon Concentration

22.13

3, 77

<0.0001

Physical Damage*Concentration

0.33

3, 77

0.8062

Physical Damage

1.57

1, 76.27

0.2134

Ethephon Concentration

31.44

3, 76.27

<0.0001

Physical Damage*Concentration

0.84

3, 76.27

0.4740

Physical Damage

0.04

1, 77

0.8378

Ethephon Concentration

29.34

3, 77

<0.0001

Physical Damage*Concentration

0.93

3, 77

0.4311
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Table 2.13
Growth Stage
V1

V2

V3

Impact of small simulated stink bug damage experiments on yield in field corn at
the V1, V2, and V3 growth stages during 2019.
Ethephon Concentrationa

Yield (grams/plant)

Control

164.84 (7.831)a

Low

138.35 (10.053)b

Medium

123.02 (10.458)c

High

112.11 (10.175)c

P>F

<0.0001

Control

168.32 (4.524)a

Low

133.54 (6.506)b

Medium

101.31 (8.761)c

High

94.13 (7.987)c

P>F

<0.0001

Control

161.33 (5.209)a

Low

98.71 (9.384)b

Medium

96.02 (11.530)b

High

88.51 (10.918)b

P>F

<0.0001

Means with a common letter within the same growth stage are not significantly different (FPLSD
P=0.05). Plot size 1 row x 1.524m.
a
Ethephon concentrations were low (2.77%), medium (5.54%), and high (8.31%).
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Figure 2.1

Rating scale used to categorize natural brown stink bug damage. (a) leaf punctures
from stink bug stylet insertion and minor leaf streaking; (b) leaf punctures from
stink bug stylet insertion with leaf streaking and light to moderate plant stunting;
or (c) leaf punctures from stink bug stylet insertion with leaf streaking with severe
plant stunting plus main stem death (dead-heart) with or without tillering/ or
complete plant death.
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Figure 2.2

Rating scale used to categorize simulated brown stink bug damage. (a) minor leaf
streaking; (b) leaf streaking and light to moderate plant stunting; or (c) leaf
streaking with severe plant stunting plus main stem death (dead-heart) with or
without tillering/ or complete plant death.
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